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ABSTRACT 


Penetrating concrete sealing compounds are designed to delay or prevent the 
corrosion of reinforcing steel due to the repeated application of deicing 
road salt. Four such compounds were applied in 1973 to twin three span 
monolithic bridge decks, in 12 feet wide bands parallel to the bridge skew. 
Untreated bands were left as control sections. 


Concrete cores taken shortly after construction indicated there was no 
Statistical difference between spans which might have biased future 
measurements. An initial field survey in October of 1974 indicated that 
almost no corrosion activity had occurred over the first winter in service. 


A pachometer survey in October of 1977 showed that at least 50% of the 
measured locations (except on Span 1W) had less than the required 2" 
minimum design depth of cover. Annual fall surveys from 1976 through 1979 
included half cell corrosion potential measurements, chloride ion concen- 
tration data, chain dragging for delaminations and visual observations. 
Statistical analysis of variance on the potential data showed that there 
was no significant difference between the treated and untreated sections 
from 1977 through 19793; the only difference detected was for the Linseed 
Oil treatment in 1976. Although this difference indicated that the Linseed 
Oil was performing slightly poorer than the remaining treatments, from an 
engineering standpoint there was no meaningful difference. 


From 1973 through 1977, there was no statistical difference in chloride 
ion concentration data at the one, two and three inch nominal depths. 
The 1978 and 1979 chloride data was excluded from the analysis because 
of its highly sporadic nature. Significant surface distress (spalls, 
cracks and delaminations) had occurred by 1979, primarily at areas with 
extremely shallow depth of cover. 


This report concludes that none of the penetrating sealing compounds 
provided additional protection from deck slab deterioration caused 
by deicing salt application when compared to the untreated control 
sections. 


Finally, these decks have undergone continued deterioration since 1979, 
as evidenced by a 1982 Regional Bridge Deck Evaluation Report which 
recommended an overlay in 1983 under a rehabilitation contract. 
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I. INTRODUCTION 


Background 


A major factor causing early bridge deck deterioration is the 
corrosion of reinforcing steel due to repeated application of deicing 
road salt. The chloride ion present in the salt reduces the normally 
high protective alkalinity of the concrete bridge deck. When sufficient 
chloride ion is present, the reinforcing steel oxidizes (rusts) and 
expands 24 to 15 times in volume. This expansion causes tensile stresses 
to be exerted against the surrounding concrete. When these stresses 
exceed the tensile strength of the concrete, delamination and surface 
spalling result. 


Possible solutions to this problem include: galvanized or epoxy 
coated rebars, waterproofing membranes, more impermeable -overlays, 
cathodic protection, and the use of penetrating concrete sealing 
compounds. 


Purpose and Scope 


This study has been conducted. in conjunction with the National 
Experimental and Evaluation Program (NEEP) No. 12, Bridge Deck 
Protective Systems. The purpose of this report is to evaluate the 
in-service performance of several different proprietary concrete 
sealing compounds. 
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II. PROJECT HISTORY 


A. Project Site 


The project is located on Bridge No. 3 of Contract FISH 71-6, 
Interstate Route 508, Oneonta: East Oneonta City Line to County Road 
47, Otsego County (Figure 1). Bridge No. 3 is a twin, three-span com- 
posite beam structure carrying eastbound and westbound I-88 traffic over 
the Delaware and Hudson Railroad. Two of the three spans are 120'-2" 
long and the third is 93'-3". Each structure is built on a 60° skew 
(Figure 2). 


B. Materials Under Test 
The following penetrating concrete sealing compounds were studied: 
1) Linseed Oil - N.Y.S.D.0.T. Special Specification Item 664 LD. 


2) Aquadron - a polymer manufactured by Dural Internation 
Corporation. eae 


3) Deepgard - a water soluble linseed oil base liquid, manufactured 
by Contech, Inc. 


4) Sealcure - an epoxy-modified acrylic polymer manufactured by 
Cement Materials. 


Appendix A contains the materials specification for Linseed Oil and 
manufacturer's data sheets for the three other sealers. 


C. Construction Highlights 


The Bridge No. 3 structures were both 8" monolithic concrete slab 
decks having a 2"' design depth of cover over the top mat of reinforcing 
steel. The decks were poured and the concrete finishing operations 
completed in May, 1973. At that time, the Deepgard and Sealcure treat- 
ments (each a combination curing-sealing compound) were applied. The 
remaining areas were treated with white pigmented curing compound and 
allowed to cure for the minimum of 28 days. The Linseed Oil and Aquadron 
treatments were applied in early July of 1973, following a sandblasting 
operation to remove the curing compound. 


_The actual treatment-band locations are shown in Figure 3. An 
"Interim Phase 1 Bridge Deck Construction Report" detailing the deck 
construction and sealer application was issued in 1974. 


Evaluation Of Penetrating Sealing Compounds 3 


D. Sealer Costs 


The construction costs for each of the sealing compounds are 
shown in Table 1. Note that Linseed Oil and Aquadron required sand- 
blasting and a two-coat application, while Deepgard and Sealcure required 
only one-coat application. All costs are in 1973 dollars. 


TABLE 1. SEALER CONSTRUCTION COSTS 


Material Cost Total Cost 
Sealer Per gallon _ Total Labor Equipment Per Ft? 
Linseed Oil §'.3..20 $210 $510 $70 - $0.15 
Aquadron $17.50 $905 $510 $70 $0.27 
Deepgard $ 3.20 $ 95 $175 $15. 5 fF $0.Ue> 


Sealcure 5°5700 $145 $175 S15 $0.06 
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Evaluation of Penetrating Sealing Compounds 
III. METHODS OF EVALUATION 


The following methods were used to evaluate the in-service performance 
of the sealing compounds: 


Concrete Cores 


Thirty concrete cores (5 per span) were taken in July, 1973. Subsequent 
laboratory analysis included density, per cent entrained air and chloride 
ion content. 


Pachometer Survey 


This survey was done using a James Pachometer in October, 1974 to 
determine the depth of concrete cover over the top mat of reinforcing 
steel. Data was collected using a 5'X10' grid parallel to the bridge skew. 
Because of improper calibration, the pachometer survey was re-done in 
October of 1977 on a 5'X5' grid pattern. 


Corrosion Potential 


These measurements were made on a 5'X5' grid pattern using a copper- 
copper sulphate reference electrode. Initial measurements were taken in 
October, 1974 at the core hole locations and at 10-15 additional random 
locations per span, and during each of the annual fall surveys (1976 
through 1979). 


Research with uncoated reinforcement has shown that for half-cell values 
(CSE) less than 0.20v, active corrosion is not occuring; and that for values 
above 0.35v, active corrosion is occuring. The range of values between 
0.20v. and 0.35v. represents an area where corrosion activity is undefined. 


Chloride Content 

During each annual survey, powdered concrete samples were randomly 
taken at nominal 1", 2" and 3" depths (samples taken from 3/4 to 1 1/4"; 
1 3/4 to 2 1/4" and 2 3/4 to 3 1/4"). The samples were later analyzed 
for total (soluble plus insoluble) chloride ion content. 
Delaminations 

A chain drag was used during each survey to identify delaminated 
areas, i.e. internal concrete planes that had fractured as a result of 
rebar corrosion. 


Visual Observations 


The locations of surface distress such as cracking or spalling were 
noted during each annual survey. 
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Miscellaneous Data 


Other supportive data gathered includes traffic volume counts and salt 
application records. . 
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B. 


Cc. 


IV. DATA SUMMARY 


Concrete Cores (July, 1973) 


Appendix B contains the laboratory test results obtained from the thirty 


concrete cores taken shortly after construction was completed. These 
results are within acceptable construction tolerances, indicative of 
quality concrete. 


One-way analysis of variance models were set up to see if there were 
any statistically significant differences between spans which might 
bias future measurements. These results, also included in Appendix B, 
indicate that both density and percent air are not statistically dif- 
ferent between spans at the 95% confidence level. Thus, we would 
expect the corrosion potential readings for a given sealer, transverse 
location, and depth of cover to be unaffected by the Spec hie span 
under consideration. 


Intial Field Survey (October, 1974) 


The corrosion potential readings averaged 0.05v., indicating that 
almost no corrosion activity had occured over the first winter in 
service. These low potential readings would be expected on all 
areas including the untreated control sections until the chlorides 
had penetrated the deck to the level of the reinforcing steel. No 
surface distress on any of the six spans was noted, except for a 
small 10'X10' area in the center of Span 3W that had spalled. The 
depth of cover in this area was later found to range from 1/4" to 
1/2" (average, 0.40"), indicating that subsidence cracking had 
occurred over the reinforcing bars. 


Pachometer Survey (October 1977) 
As mentioned earlier in this report, the initial pachometer survey of 
October, 1974 was redone in October, 1977. Appendix C contains con- 


tour plots of the October, 1977 pachometer data. A brief summary 
of the data is shown in Table 2 below. 


TABLE 2. SUMMARY OF OCTOBER, 1977 PACHOMETER DATA 


i Data Points +4 % Of Data Points)” Statistics 


Span <0.99" 1.00"= >2.00" <0.99" 1.00"- 2.00" ~ Min. Max. Mean 


1,99" = trisgo! 

0 30 136 0 18 82 re hae re eae 
26 116 79 12 52 36 0.00 2.88 1.67 
46 97 81 21 43 36 0.25 2.63 1.58 
0 81 84 0 49 51 ie ODL Oh 7 Sek 1 94 
40 90 84 19 42 39 Geog e313" 1-75 
7 120 90 3 55 42 0.88 3.00 1.88 


Sra: 
Dev. 


0.35 
0.61 
0.65 
0.39 
0.70 
0.60 
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D. Annual Fall Surveys (1976-1979) 
Lt. Corrosion Potential Measurements 


Appendix D contains histograms of the yearly corrosion potential 
measurements grouped by sealer treatment. Since the spans have 
already been demonstrated to be statistically equivalent, the yearly 
corrosion potential data for a given sealer was from all six spans 
combined. 


The base of each histogram is the vertical axis which represents the 
midpoint of every 0.02 voltage interval from 0 to 0.70 volts. Each 
interval includes its upper limit, i.e. the 0.220 midpoint includes 
voltage values from 0.211 through 0.230, the 0.240 midpoint includes 
values from 0.231 through 0.250, etc. The frequencies are plotted 
horizontally to the right of the voltage interval with each asterisk 
representing a single reading. When there are too many readings to 
be plotted by asterisks, the actual number of readings are printed 

at the right end of the line of asterisks. The letter "M" within the 
line of asterisks represents the mean corrosion potential-voltage for 
the particular sealer group. 


Included with each histogram is the corresponding one-way analysis 

of variance table which shows whether or not a statistically signi- 
ficant difference exists among the sealer treatments. Each table 
shows a calculated F-value, the ratio of the between group mean square 
to the within group mean square. The tail probability is the area 
under the F-distribution to the right of the calculated F-value for 
the given degrees of freedom. When this tail probability is less 

than 0.0100, then there exists a statistically significant difference 
between sealer treatments at the 99% confidence level. 


A basic assumption underlying this analysis of variance is that the 
treatment variances (which when summed together yield the within-group 
variance estimate) are homogeneous, drawn from the same population of 
variances. To check this, Levene's test for equal variances is included 
with each analysis. When Levene's tail probability is less than 0.0100, 
then the variances are not homogeneous and two modified analysis of 
variance tests (Welch; Brown-Forsythe) were also performed. Neither 

of these modified tests assumes the homogeneity of variances. 


A summary of the above statistics is given in Table 3 below. 


Evaluation Of Penetrating Sealing Compounds 11 


TABLE 3. ANALYSIS OF VARIANCE SUMMARY (1976-1979) 


STATISTICALLY 

¢ 

AIL PROBABILITIES Eee cant 
SURVEY DIFFERENCE 
YEAR ANOVA-1 LEVENE WELCH BROWN-FORSYTHE @99% LEVEL 
1976 0.0000 0.1845 N/A N/A Yes 
1977 0.0634 0.1277 N/A N/A No 
1978 0.0324 0.0028 070385>-- 0.0317 No 
1979 0.0207 0.0015 035.327 0. UL0L No 


The above results indicate there is no statistically significant difference 
at the 99% confidence level between any of the sealer treatments as tested 
from 1977 through 1979. However, a difference between the treatments was 
detected for the 1976 survey year. To determine which of the~-sealer(s) 
were causing this difference, another set of analysis of variance tests 
were performed with each sealer being excluded once from the analysis. 
These results included in Appendix E are summarized in Table 4 below. 


TABLE 4. ANALYSIS OF VARIANCE SUMMARY (1976) 


STATISTICALLY 
SIGNIFICANT 
EXCLUDED CALCULATED TAIL DIFFERENCE 
TREATMENT F-VALUE PROBABILITY @ 99% LEVEL 
LINSEED OIL 3.39 0.0175 No 
AQUADRON 14.97 0.0000 Yes 
DEEPGARD Oia. 0.0000 Yes 
SEALCURE 23S) 0.0000 Yes 
UNTREATED 20.24 0.0000 Yes 


These results show that only without linseed oil is there no statistically 
significant difference, or conversely, only with linseed oil is there a 
detectable statistical difference. Since the mean corrosion potential 

value for the linseed oil treatment (0.134 volts) exceeds the mean value 

for all the other treatments combined (0.109 volts) in 1976, we consider 

the linseed oil to be performing slightly poorer than the other treatments 

in 1976. However, since all the 1976 mean corrosion potential values are 
well within the non-active corrosion range, there is no meaningful differ- 
ence in corrosion activity between any of the sealers tested during that year. 
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2. Chloride Ion Concentration Data 


Appendix F contains a tabular summary of the chloride ion concentration 
data taken during the 1976 and 1977 fall surveys. Due to the sporadic 
nature of the 1978 and 1979 chloride data, it is being excluded from 
this report. 


Also included in Appendix F are the one-way analysis of variance models 
to test whether a statistical difference exists among the sealer treat- 
ments for the 1973 cores and the 1976-1977 survey data (at the one, 

two and three inch depths). 


The above statistics are summarized in Table 5 below. 


TABLE 5. ANALYSIS OF VARIANCE SUMMARY 


“STATISTICALLY 
TAIL PROBABILITIES SIGNIFICANT 
DIFFERENCE 
YEAR ANOVA-1 LEVENE WELCH = BROWN-FORSYTHE —@99% LEVEL 
1973 Cores 0.9016 0.1750 N/A N/A No 
1976 @.1 a rrOe2056 0.0673 N/A N/A No 
Giant 0.2258 0.5501 N/A N/A No 
@.3") 1050687 0.3239 N/A N/A No 
1977 @ 1" 0.0380 0.0078 0.0234 0.0392 No 
@) 128 909055878 0.9709 N/A N/A No 
Ott t97028 0.0507 N/A N/A NO 


These analyses indicate there is no statistically significant difference 
between any of the sealers as measured by chloride ion concentration 
data taken from the July, 1973 cores and during the 1976-1977 fall 
surveys. 


3. Contoured 1979 Corrosion Potential Data 


Appendix G contains contoured plots of the most recent corrosion 
potential data. These plots are included to show relationships 
between high corrosion potential readings, shallow depth of cover 
and visually noted surface distress as discussed in Section V. 


4. Chain Drag/Visual Surveys 


Appendix H contains sketches showing the physical deterioration that 
had occurred as of our most recent annual survey in 1979. Several 
photographs of the badly deteriorated areas are included. 
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E. Miscellaneous Data 


Appendix I contains the traffic volume data and the salt applica- 
tion records. 
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V. DISCUSSION 


The contoured pachometer maps (Appendix C), contoured 1979 potential 
maps (Appendix G), and the 1979 visual survey maps (Appendix H) were all 
compared to see if any patterns or trends indicating superior treatment 
performance existed. Although no clear patterns were noted, the following 
relationships between the data were observed: 


Spans LE & 1W. Neither active corrosion nor shallow cover { TS) had 
occurred on these spans. Surface distress was limited to minor spalling 
and delaminations along both armored joints on each span. 


Span 2W. The only actively corroding area (100'-115' longitudinal, 
15'-20' transverse) had little or no cover, with subsequent heavy 
spalling and delaminations. The Aquadron treatment had been applied 
to this area. 


A second area (55'-70' longitudinal, 10'-20' transverse) showed 
corrosion activity in the undefined range with a typical 3/4" 

to 1" depth of cover; no resultant surface distress had yet occurred. 
This area contained Linseed Oil, Deepgard and no treatment. 


Span 3W. The only two actively corroding areas (65'-90' longitudinal, 
5'-10' transverse; 95'-120' longitudinal, 20'-30' transverse) had 
cover depths between 1/4" and 3/4" with subsequent heavy spalling 

and delaminations. This area contained Sealcure and no treatment. 
Also, minor spalling and delaminations had occurred along each 
armored joint. 


Span 2E. Similar to Span 2W, the only actively corroding area on Span 
2E (100'-115' longitudinal, 20'-25' transverse) had little or no cover, 
with subsequent heavy spalling and delaminations. The Deepgard and 
Aquadron treatments were applied to this area. 


A 1/8" to 1/4" wide crack had opened up at mid-span, running almost 
parallel to the bridge skew and extending across the full-width of 
the deck. Also, spalling and delaminations had occurred along both 
joints. 


Span 3E. Only several small scattered actively corroding areas had 
occurred at locations with cover depths between 3/4" and 1". Surface 
distress was limited to transverse cracking withspalling and delamin- 
ations along each armored joint. 
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VI. CURRENT STATUS 


The inadequate depth of cover and resultant deck deterioration led the 
Department's Region 9 office to conduct their own inspections in January 
and April, 1982 and potential survey in July, 1982 to determine the need 
for bridge deck rehabilitation work. Appendix H includes a photograph from 
the January, 1982 inspection. ; 


The rehabilitation work included deck scarification and removal of 
deteriorated concrete to the rebar level in the delaminated, spalled and 
high (> .035 volts) corrosion potential areas followed by’ placement of 
slab reconstruction concrete. A high density concrete overlay was then 
placed on the bridge decks and approach slabs. This Contract work was 
completed in November, 1983. 


A summary of the approximate span areas which required concrete 
removal to the rebar depth is shown in Table 6 below. 


TABLE 6. % OF SPAN AREAS REQUIRING CONCRETE —- 


REMOVAL TO REBAR DEPTH LEVEL 


SPAN % SPAN AREA 
1E 8% 

2E 12% 

3E 30% 

1W 3% 

2W 102% 
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VII. OBSERVATIONS 


The following are observations of this study: 


1) The annual average corrosion potential values for each 
sealer treatment were always either in the non-active or 
the undefined "gray'' areas of corrosion activity. The 
histograms in Appendix D suggest that these values are — 
changing similarly for all treatments and have increased 
since the 1976. survey. 


_2) The 1976 corrosion potential data indicated that the linseed 
oil treatment had a statistically significant "inferiority" 
to the other treatments and to the untreated control sections; 
however, from an engineering standpoint there was no meaningful 
difference in corrosion activity. 


3) The 1977 through 1979 corrosion potential data indicated no 
statistical difference in corrosion potentials for the treated 
or untreated sections. : = 

4) From 1973 through 1977 (four years in service) there was no 
statistical difference in chloride ion concentration at the 
one, two, or three inch depth levels for the treated or un- 
treated sections. 


5) From 1974 through 1979, active corrosion occurred at less 
than 2% of each span's total potential measurement locations, 
except Span 3W which had 12% (1977) and 8% (1979) of its 
data points greater than 0.35 volts. These actively corroding 
areas exhibited significant surface distress with spalls, cracks 
and delaminations noted. 


6) By July of 1982, active corrosion had increased to approximately 
5% of the per span total potential measurement locations, except 
Spans 3E and 3W which had, respectively, 14% and 18% of their 
data points greater than 0.35 volts. 


7) Between 50% to 65% of the measured pachometer readings on five 
of the six spans had less than the 2" minimum required design 
cover. Although this lack of cover has influenced the corrosion 
potential and chloride content data, there is no reason to believe 
than any one sealer in particular was unduly affected since all 
the sealer treatments were randomly applied to each span. 
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1) 


2) 


VIII. CONCLUSIONS 


None of the penetrating sealer treatments tested provided additional 
protection from deck slab deterioration caused by de-icing salt 
application when compared to the untreated control sections. 


There is a strong relationship between shallow depth of cover 
(< 3/4") and deck slab distress (i.e. rebar corrosion, cracking, 
spalling). ‘ 
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ITEM 664LD - LINSEED OIL PROTECTIVE COATING FOR CONCRETE 


1. Description. Under this item, the Contractor shall 

furnish and place a protective coating consistinz of boiled lin- 
seed o1l1 and mineral spirits on all exposed surfaces of the 
concrete as indicated on the plans or as directed by the Engineer. 


2. Materials. The protective coatings shall consist of a 
blend of equal volumes of boiled linseed o1l1 and mineral spirits 


meeting the following requirements, and shall be furnished 
blended in containers. 


a. Boiled Linseed Oil. The boiled linseed oil shall-be | 
| ‘pure linseed oil that has been treated by heating (1.e., kettle 
boiled) with suitable compounds of drying metals so-as to produce 


a product that will dry (set to touch) in less than sixteen hours 
at 25-1 C. 


Boiled linseed o11 shall meet the requirements of the 
ASTM Specifications D 260, Type I, modified as follows: 


aww as i eee —V-—=- AS tj 
e 





Viscosity (Gardner Holdt) A | D 1545 
Color (Gardner) 13 D 1544 : 
Acid Value 4 pie): Do) 35a 


| b. Mineral Spirits (Paint Thinner). This specification 
covers a grade of petroleum distillate known as mineral spirits 
or petroleum spirits for use in thinning paints. ~ 


The mineral spirits shall be clear and free from water 
and suspended matter, and the color shall be no darker than an 
aqueous solution of potassium dichromate contoining 0.0048 
grams/liter - Test Method ASTM D 156. 


Mineral Spirits shall meet the requirements of the 
ASTH. Specificetion D 235, modified «s follows: 


ASTM 
. . | ; Min, ior. Test 


: 
| 
| 
| ; 
| Aniline Point 43 C (110 F) 59c (133F) D 611 
End Point 210C (410F) D 86 
| 
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ITEM 6641D-LINSEED OIL PROTECTIVE COATING FOR CONCRETE-cont'd. . 


c. Inspection and Peseta. The Contractor shall furnish 
the Deputy Chief Engineer (Design) with three (3) certified 
copies of the chemical analysis of the two components. Samples 
may be taken in the field by the Engineer to be forwarded to the 
Laboratory for check analysis. Such samples shall be taken 
prior to actual use of the material. Application of the sampled 


indicates acceptability. 


d. The Linseed 011 Protective Coating shall meet the 
following requirements: 


Linits ASTM 
Min, Max. TEST 

Acid Value : 5 D 1639 
Iodine Value | 92 D 1959 
Saponification Value 100 D 1962 
Drying time on glass 16 D 1953 
Nonvolatile Content 54% 60% D 1960 *# 
Specific Gravity 25/25C - 850 - 859 D 1963 
Flash Point (Tag Closed Cup) 100F D 56 
Distillation Test Percentage 

Recovered at 177C 25 D 86 | 

Recovered at 200C 4S D 86 
Color (Gardner) | 13 D 1544 


*D 1960 “Loss,on Heating” method shall be modified as follows: 
A sample of 1.2-.2 gm. shall be weighed into an aluminum foil 
moisture dish and the sample allowed to remain in the oven for one 
hour at 105C with a stream of nitrogen playing over the sample. 


3. Construction Details. 


a. Linseed O11 Protective Coating shall be applied to dry 
concrete surfaces previously cleaned of all dirt, debris, oil, | 
grease or any other foreign substance which would inhibit pene- 
tration, adhesion or drying of the protective coating. New con- 
crete surfaces shall not be treated in less than twenty-elght 
(28) days after placing. 


EL Te Ce 
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ITEM 664LD - LINSEED OIL PROTECTIVE COATING TOR CONCUETE-cont'd. 


A dry surface is defined as one'which, when a piece of 
clean dry blotting paper is leid on the surface jin intimete con- 
tact for one (1) hour, the paper does not show the presence of 
weny roisture. 


b. The protective coating shall be applied, as directed, 
by epproved mechenicel pressure sprry equipment, by porteble 
hend sprey ecuilpment, by brushing or rolling, or e¢ combinction 
of these methods, to insure complete, even coverace of the con- 
crete surface being treated, et the specified rate. All ecuip- 
ment used for epplving Linseed 011 Trotective Coz.tine for Concrete 
shell be clern and free from all metericl thich till conteminete 
the coating. Spray enuipment, then used, shall ke so adjusted 
that the norzle is not more then 18 inches from the surfzce being 
trested. ‘ hited, 


‘ 


c. The recuirements of Item 76 - Icintenence end frotection 
of Treffic - shell epply. Sprey ecuipment, when used, shall be 
equipment with suitable deflecting devices to prevent the Linseed 

; Oil T'rotective Coctins for Concrete from beinz blotm “on the =d- 
.'. gecent traffic, shrubs ond ony other curfrces~ not requiring trert- 
ment. 


d. The protective costing shell be epplied in-tio (2) 
coats at the rate of 0.025 = 0.002 callon rer seuare yard for 
the first coat and at the rete of 0.015 - v.091 sallon per squere 
yerd for the second coat, 


' e@. The protective coating, prefernbly, shall be <nnlied 
under wecther conditions suitcble for drving then the tennere ture 
of the cir cnd the concrete surfece is betieen 60 F «rd 20 F; 

Wie In no cece shell the epplicstion of the first or second Cost: he 
permitted when cir cnd/or concrete tempereture Ls belo: 35 ¥ and 
the alr tennercture is not ris ing, or Hi shepethon. LOO, “or tHe 
relative hunidit: tiore thon '85). or verther predictions indicste 
rein in twenty-four (24+) hours, or is the opinion of tho ingineer, 

conditions are such as to produce unsoticrrctory Veet ts. 


f. The first applicrtion of the protective coctine shell 
be permitted to dry until penetretion is complete and ali trcki- 
ness of the coating hes diseppesred but not less than for a 


period of twenty-four (24) hours. No traffic shall be permitted 
on the first AppIac atl ons 


aeceneeeaiemmemitientenein t LE, A A A et a Se wars esa pe 
? ee un ee 
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ITEM 664LD ~ LINSEED OIL PAOTECTIVE COATING FOR CONCRITE-cont'd. 


e 


g. The second eaepplicetion shall be made immediately after 
the Tirst enplicetion has dricd,...s.speciiied<in-"f",” £11 “sur- 
Paces. shoil be closed toxenblletraffiaceuntil all tackiness of: the 
coating hres disappeured end no pick up will result from the 
traffic but not less than for a period of tienty-four (24) hours. 


h. Scfety Frecautions. At no additional “expense to the 
State, every preceution must be taken to protect traffic, worlk- 
men, and the concrete surface agrainst the occurrence of fire in 
the presence of inflammable end volatile minerz.l1 spirits blended 
into: tie protective "coatin:.| ollpperyipevonent,or"’any other 
hazard or inconvenience to traffic, resulting from the cpplication 
Ofethe protective coatins, shall be corrected by the Contractor 
as directed by the ensineer prior to permitting tiie use of the 
treated <surfoce by traffic. 


4, Method of Neasurement. The quantity to be paid for under 
this item t:ill be the. number of rallons of the protective coating 
of blended linseed oil and minerzl1 spirits incorporated in the 
work in accordance with this specification. 


5. Dasis of Fayment. The unit price bid per #ellon shall in- 
clude the cost of furnishing all labor, materinls ond equipment 
necessary to complete the work. 


10 March 1967 
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AQUADRON 
er ae “Penetrating Sealer for Concrete and Masonry~ 


DESCRIPTION: 
SS 


Aquadron is a new polymer, particularly suited for Protection of 
concrete surfaces. Aquadron offers unexcelled protection against 
the deleterious effects of deicing salts and chemicals and rust in- 
trusion;: a prohlen quite prevalent on pier caps, columns of bridges 


—_ 


ADVANTAGES: . 
ee B 
“Water Clear Permits Vapor Transmission yet 
Extremelv low viscosity waterproofs 
High penetration potential ¢& Rapid drying-usually 3-4 hours 
affinity for concrete Water Clean Up pon 
“ill not reduce skid resistance Rigs: 
-. PROPERTIES: | 

Mixing Ratio - BASE to HARDENER - 4:1 Sule 
Viscosity = 19-25 cps Drving Time - 1 hour . 

") Shelf Life - Over 1 year . Cure Time - 48 hours 


Working Life - 4 hours 


APPLICATION: Apply by roller, brush or spray. If spray equipment 
1S used, airless is preferred, although air type equipment May be . 
used. 


Apply at the rate of 200-250 Ssq.ft./gal. Two coats are preferred, 
The second coat may be applied after the first coat has dried 1 hour, 
Do not apply below 35°F, Allow to dry hefore opening to traffic for 
at least 1 hour. ’ 


Clean Equipment with water before it drys. 


MIXING INSTRUCTIONS: Transfer contents Of HARDENER into BASE and 
mix thoroughly. 4 


SAFETY & CLEANLINESS: 
LE etseensonesnanenenn oe 


Aquadron is a chemical and should be handled: accordingly. Apply 
under conditions of good ventilation. Avoid contact with skin. as 
sensitization may occur, or cause allergenic reactions. Wash hands 
with soap and water. If eye contact occurs, flush thoroughly with 
copious amounts of water. 


SURPACE PREPARATION: Surfaces must be clean and dry, free of dirt 
ust, grease or o1l. cL oeveta 
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1. PRODUCT NAME 
PITTSBURGH® PAINTS 


Deepgard® Concrete Preservative — 
Clear & Pigmented 


2. MANUFACTURER 


PPG INDUSTRIES, INC. 
Coatings & Resins Division 

One Gateway Center 
Pittsburgh, Pennsylvania 15222 
Phone (412) 434-2192 


3. PRODUCT DESCRIPTION 


NOT A PAINT Deepgard is a fast- 
dry (2%-3% hours): anti-spailing agent 
and sealer for concrete both oid and 
new. A vegetable oil penetrant for 
concrete surfaces, it retards scaling, 
reduces surface erosion and acts as an 
ice and snow release agent. 


Basic Uses: Beneficial for all ex- 
posed porous concrete surfaces where 
salts, chemicals and weathering may 
cause surface deterioration. For parking 
ramps and garages, gas stations, termi- 
nals, ice rinks, curbs, roads, bridges, 
decks, walks, driveways, loading 
docks, plant floors, precast stairs, 
bumper blocks, breakwalls, docks, air- 
port runways, grooved traffic  sur- 
faces, traffic islands and median strips. 
Seals micro-cracks. 


Limitations: 
Not recommended for use on non- 
porous surfaces. 


Pigmented sealer not for heavily 
traveled (vehicle) surfaces. 


- Composition and Materials: 
Composition: Clear Type 


Non Volatile Vegetable Oil 40% 
Volatile mineral spirits 57% 
Other* 3% 
100% 
‘Composition: Pigmented Types 
Non Volatile Vegetable Oil 40% 
Votatile mineral spirits 54% 
Pigments 3% 
Other* 3% . 
100% 


*Contains metallic driers, fungi- 
cide agent, stabilizing agents, wet- 
ting and anti-skinning agents. 


Sizes; One gallon and 5 gallon 
cans; 52 gallon drums, bulk. Pig- 
mented material available in agi- 
tator type drums. 


Colors: Terra Cotta, Suburban 
Green, Sand Tan, Charcdal Black, 
Vivid Red, Cement Gray, Traffic 
Yellow, Slate, and Clear. 


Note: Clear Deepgard is not pro- 
tected with mildewcide. 


Applicabie standards: Conforms to 
Les Angeles Rule 66 pertaining to low 
aromatic content of the solvent. 


LOC 122 


* 4, TECHNICAL DATA 


Type: Principally linseed oil - 40% 
by volume. 


Viscosity: 25-35 seconds as meas- 
ured with No. 1 Zahn Cup 


Flash Point: Over 80°F 


Spreading Rate: Two applications 
are generally recommended, applied 
400 to 500 square feet per gailon each 
application, depending on porosity of 
surface. Steel-trowelec patios .mav re- 
quire only one application to seal the 
surface. When surfaces are beginning 
to deteriorate, the concrete is usually 
more porous; and hence, more Deep- 
gard Concrete Preservative is required 
to seal it. A film should not form on 
the surface. 


Dry Time: 


First Application-waik on surface in 
3% hours if fully penetrated. 


Second application—allow 6 hours 
before use. Weather and temperature 
conditions govern. Drying time will be 
shortened at temperatures above 60°F. 


5. INSTALLATION 


Surface Preparation:_ Must be drv. 
Remove alf airt, loose scale, leaves, 
grass, dust. Wipe up wet oil or grease. 


Surface should be sound. Seal 
cracks with oil type filler if desired. 
Remove efflorescence where possible 
by washing down, Acid etching is not 
necessary. 


Method of Application: Use long- 
handled paint roller with medium to 
long nap for small areas and back-pack 
type sprayer for larger areas. Various 
types of spray equipment are suitable 
for large areas. 


AVOID OVER-APPLICATION. 
Thinning: Product is ready to use. 


Equipment Clean-up: Use Lep- 
tyne® paint thinner or mineral spirits 
promptly after use. Trisodium phos- 
phate in hot water, or strippers, may 
be required if equipment is not clean- 
ed promptly. 

Precautions: Air 
should be 60° or higher. 


. Not recommended on recently seal- 
ed surfaces such as wax type cure 
compounds or chiorinated rubber 


tem perature 


seals. Use simple penetration test by 


applying sparingly to surface and ob- 
serving. |f penetrated after 10 minutes, 
surface would benefit from Deepgard 
Concrete Preservative treatment; or, 
find smoothest part of area to be 
treated, and using a 2 or 3 inch nylon 
brush, apply water on a cne square 
foot area. Put on enough water sc a 
“shine’’ is noticeable. Shine should 


disappear in 4 minutes if surface is _ 


suitable, If not, do not apply Deep- 


to editorial style prescribed by 
The Construction Specifications 
Institute. The manufacturer is re- 
sponsible for technical accuracy. 


| 
> 

SRR RL er 
This Spec-Oata Sheet ‘conforms ‘ 


gard, On newly olaced concrete, allow 
15 days or longer before treating. 
Apolv on sound. dry. unseaied sur- 
~ CAUTION! Combustible. 


e Use with adequate ventilation. 

e Avoid prolonged contact with skin. 
e Avoid prolonged breathing of vapor 
or spray mist. 

e Keep container closed when not in 
use. 


e Keep out of the reach of children. 


6. AVAILABILITY AND COSTS 


Availability: !mmediately available 
in one and 5-gallon containers from 
Pittsburgh Paint Centers and building 
contractor supply houses. Drums and 
bulk quantitiés. quickly obtainable on 
order. 


Costs: Prices quoted on request. 


7. GUARANTEE 


PPG Industries, Inc. represents that 
each product described herein will 
meet its high standards of performance 
and quality when applied according to 
directions. Provided the storage, han- 
dling and application procedures re- 
commended by PPG are followed, any 
product which does not perform as 
described herein will be replaced or. 
the purchase price refunded. 


8. MAINTENANCE 


Treatment is recommended in form 
of a single application every third year 
on surfaces subject to de-icing chemi- 
cals and wear. Extreme traffic and 
wear may require more frequent treat- 
ment.. (Determine if treatment neces- 
sary by observing degree of water 
penetration on small test area.) 


9. TECHNICAL SERVICES 


Available through the nearest Pitts- 
burgh Paints representative, or Pitts- 
burgh Paints Center. See the yellow 
pages of your telephone book. 


10. FILING SYSTEMS 


Deepgard General Catalogs 
Application and Usage Sheets 


The ten-point SPEC-DATA® format has 
deen reproduced from publications copy- 
rignted by CSI, 1964, 1965, 1966, 1967, 
and used by permission of The Construction 
Specifications institute, Inc., Washington, 
O. C. 20036 
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1. PRODUCT NAME 
SC SEAL CURE—A sealing, curing, hardening and 
dust-proofing agent. 


2. MANUFACTURER 
Cement Materials 
1222 Ardmore Avenue, Itasca, Illinois 60143 
Phone 312 773-9441 


3. PRODUCT DESCRIPTION 
SC Seal Cure is a superior sealing and curing com- 
pound for concrete and terrazzo. It is a blend of poly- 
mer resins in a fast evaporating solvent. 
BASIC USES: It is formulated to seal, cure and 
dustproof fresh concrete and terrazzo surfaces in 
one application. It also seals and dustproofs the 
surface of old concrete, thus extending its life. SC 
Seal Cure provides protection against sudden rain 
showers within thirty minutes after application. It 
is quick drying, thus preventing possible damage 
to freshly poured concrete. It provides a seal that 
is impervious to acid, alkali, grease, oil, water 
and de-icing salts. 

SC Seal Cure minimizes hair cracking and spall- 
ing of horizontal and vertical concrete surfaces in 
both interior and exterior exposures. SC Seal Cure 
has proven itself in both interior and exterior sur- 
faces that have been covered or left exposed in 
residential, institutional, commercial or industrial 
projects. Typical applications include garages, of- 
fices, warehouses, plants, bridge decks, highways, 
parking decks, airport runways and parking strips 
and’ hangers. 

SC Seal Cure may be used on both interior and 
exterior surfaces. It can be recoated at any time. 
It does not contain any chlorinated resins; it re- 
sists discoloration (yellowing) due to ultra-violet 
degradation (exposure to sunlight). 
COMPOSITION AND MATERIALS: This is a new 
formula polymer. It is a single component, ready- 
to - use material that may be sprayed, brushed 
er rolled on the concrete surface. 

SIZES: Packaged in 1 and 5 gallon pails and 55 
gallon drums. 

COLORS: SC Seal Cure is available in clear form, 
with fugitive dye, or white pigmented. Several 
standard colors are availabie upon request. 
APPLICATION STANDARDS: SC Sea! Cure meets 
the requirements of the foilowing specifications: 
ASTM C-309, ASTM C-156-66T (Method of test- 
ing), AASHO M-148 (Type 1 Clear), U.S. Navy 
45ya 7-03 (c), Navdock 13 YF, Asphalt and Vinyl 
Asbestos Tile Institute. SC Seai Cure is available to 
comply with Fed. Specs. TT-C-00800 and CRO-C- 
300 | 


SPECIFICATIONS: SC Seal Cure, a product of 
Cement Materiais, shall be used to seal, cure, 
and dust-oroof newly poured concrete surfaces 
where indicated, and aoplied in strict ‘accordance 
with the manufacturer’s written instructions. 


4. TECHNICAL DATA 

Tne solution is of 'ow viscosi-y and will penetrate tne 
surface up to 13 inch, subsequently providing protec- 
tion for years after initial application. 


Distributed by: 
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It is compatible with and provides good adhesion for 
paints and tile adhesives (asphaltic cutback adhesive 
recommended) without further modification; it is com- 
patible with joint sealants; it makes sandblasting un- 
necessary. 

Extensive testing by independent laboratories estab- 
lished that SC Seal Cure membranes conform to the 
acceptable standards of the above specifications and 
the claims made under Item 3, Product Description.. 
Detailed reports are available upon request. 


5. INSTALLATION 
PREPARATORY WORK: (New Concrete) SC Seal 
Cure should be applied to green concrete as soon 
as the water sheen has disappeared from the sur- 
face and the concrete can be walked on or, for 
vertical surfaces, as soon as the forms have been 
stripped and the surface has been rubbed. 

High Flash Point (minimum 110° F.) lessens the 
hazards during application at ambient tempera- 
tures. SC Seal Cure is net a Red Label product. 

(Old Concrete) SC Seal Cure should be applied 
only’ after all stains and foreign materials have 
been removed and the surface has been washed 
with a 7:1 solution of muriatic acid. it should then 
be washed with water and thoroughly dried be- 
fore applying SC Seal Cure. 

METHOOS OF APPLICATION: SC Seal Cure may 
be applied to the surface by spray, brush, short- 
nap mohair roller or sheepskin applicator. 
COVERAGE: One gallon will cover 200-600 sq. ft., 
depending upon surface texture and specification 
requirements. 


6. AVAILABILITY AND COST 
Factory sealed containers are available through dis- 
tributors located throughout the United States. 
Material costs are availeble from local distributors. 


7. GUARANTEES 

When applied in accordance with manufacturer’s 
directions it is guaranteed to meet all claims made 
for it in the proper curing of concrete and terrazzo 
floors. 

Sales specifications, although current at time of 
publication, are subject to change due to process im- 
provements. For latest product specifications, contact 
our nearest sales office. 


8. MAINTENANCE 

SC Seal Cure permits easy maintenance of surfaces 
while providing a surface coating that cannot be 
stripped away with standard industrial and commercial 
cleaning compounds. The frequency of subsequent ap- 
plications is to be determined by the user. 


9. TECHNICAL SERVICES 

Complete technical information and literature is 
available from authorized distributors. Application en- 
gineering and testing facilities are available oR re- 
quest. 


tO. FILING SYSTEMS 

Architectural Literature 

SC Sea! Cure 

Cement Materials 

Additional literature is available upon request. 


Cement Materials EXCLUSIVE MANUFACTURERS OF 
1222 Ardmore Avenue i 

Itasca, [Illinois 60143 __ Sree - Caner 
Phone 312 ‘773 - 9441 psn nom chem bch 
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APPENDIX B 


CONCRETE CORE LABORATORY ANALYSIS 
AND 
ANALYSIS OF VARIANCE MODELS 
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LABORATORY ANALYSIS OF JULY, 1973 CONCRETE CORES 


CORE DENSITY CHLORIDE CONTENT ENTRAINED AIR 


CORE # SPAN TREATMENT GE aA ey ote (1b./yd2 ) % 
1 1E Linseed 971 139 0.6 ee 
2 1E Aquadron 139 0.6 3.0 
3 1E Deepgard 141 0.7 5.4 
4 1E  Sealcure 136 0.8 6.5 
5 1E Untreated 133 0.4 Due 
6 2E Linseed 0i1 139 0.4 3.4 
7 2E Aquadron 144 0.9 4.1 
8 2E Deepgard 143 eu 3.6 
9 2E Sealcure ——— NO DATA ————— 

10 2E Untreated 140 0.6 aa 
lz 3E Linseed 071 129 0.5 13.0 
12 3E Aquadron 143 0.6 6.6 
i 3E Deepgard 137 0.4 Be Bo 
14 3E .Sealcure 132 rr Tse 
i5 3E Untreated 132 0.6 8.6 
16 1W Linseed Oi] 139 Ono 2075 
17 1W  Aquadron 141 0.4 5.8 
18 1W Deepgard 138° 0.6 7.4 
19 1W = Sealcure 141 0.5 4.1 
20 1W Untreated 133 0.5 a 
21 2W Linseed 0i1 135 0.4 tea 
22 2W  Aquadron 138 0.4 eye? 
La 2W Deepgard 144 0. a 6.0 
24 2W Sealcure 136 0.5 9.7 
25 2W Untreated — 141 0.6 4.7 
26 3W ~=Linseed 071 133 0.8 4.6 
27 3W  Aquadron 140 0.7 Pa) 
28 3W Deepgard 132 0.6 4.9 
29 3W  Sealcure 137 1.0 8.9 
30 3W = Untreated 139 0.6 6.2 
Average 138 PCF 0.60 PCY 6.1% 


Range 129-144 PCF 0.20-1.00 PCY 3.0-13.0% 
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Evaluation Of Penetrating Sealing Compounds 
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Evaluation Of Penetrating Sealing Compounds 


APPENDIX H 


LATEST VISUAL SURVEY (1979) 
AND PHOTOGRAPHS (1979 AND 1982) 


Note 1 Visual survey maps for Spans 1E & 1W not included. 
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Photo #2: Spalled and delaminated area neer 100' longitudinal, 20' transverse on 
Span 2W (Fall, 1979) 


——— —— 


Evaluation Of Penetrating Sealing Compounds 
Phe 











Photo #3: Spalled and delaminated area near 100' longitudinal, 25' transverse 
on Span 3W (Fall. 1979) 








Photo #4: Exposed rebar and spalled area near middle or span sw (vanuary, 1982) 
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APPENDIX I 


AADT & SALT APPLICATION DATA 7 i$ 
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Evaluation Of Penetrating Sealing Compounds 


Date of Count 


1974 
4/75 
8/75 
10/75 


1976 
5/79 


7/81 


Direction 


EB 


AVERAGE ANNUAL DAILY TRAFFIC (AADT) COUNTS 


AADT 
One-Way 
1820 
2040 


2150 
2420 


2860 
3970 


Two-Way 
3860 


4570 
6830 
7020 


7100 
8281 


6975 
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